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What's New In 


PartialResponseMaximumLtkelinood 
Channels 


e Meet Data Rate Challenge (within power and cost constraints) 
e circuit - advanced, CMOS-only design 
e algorithm - symbol-detecting architecture 


e Improving SNR performance 
e trellis-coded PR 
e extended PR 


Martin Chen 
IBM Almaden Research Center 


What is PRML? 


e shape and sample signal 
e match samples with most likely ideal sequence 


Amplitude 


Compared to peak detection: 
e control of interference 
~- slower clock for given data rate 
e better noise immunity. “7 2° 
- higher density 


IBM PRML Histor 


1970 


ted by H. Kobayashi & D.T. Tang, IBM, in 


e INnveNn 


SN 


OS 
Ce , 
ee 
ee 


5 


oy 


Smee a 3 


‘e 


*. 


Soe 


way 


SS 


.¢ 
Spe oine 
ae * 

ass ; 
SS Cees s 


see 


C2 
2D: 


3 S Ue Oa Ss 
ss OS 


oe 
ON 


BSNS 


Ne 


SK. 


o> 


* 
ats 


ee 
Sty 


<: 


2 


IEVOR eS 
ie aN: 


ee 
ie, 


aS 


EES ORES 


oe as Sotaty Oe 
See * 


, 4, Be 
; 5 
iS Seek 


¢ A 3 ie 
oe : : Lees 
S Re Minne nes 
Sd OSES RS 


2, 


SSeS 


~ 
RES ‘ 
See ; 


Kote ey 
See 


< xRo>, 
SONS Kes 
- 


y ¢ SS < 
I cae 


Ae 


es 
BS 


ne 
VISES 


7298 
SOK 
: Se Qn <¢ Pos 


¢ 
Ad, 
Sys 
on 
oS 


2, 


i 


3 
~ 
ROO SX. 


, 
Sane 


toe 


« 2%, NPASS 
+ AA Se ceeeions 


nas $ eS SRE 
Ss es ie Bee VMS 5S % Os POSES 


MS 


a 
ss 


SSS 


See 
SOE INSe <> SANS Ccee 


NS 


SECTS 
BSR 


SS4 


ee & 
¢ ROS SSX 
re) ee 

ey SSCL ee 
3, ne 


LM 
eS 


& 
S 


te 


see 


SCAR 
Peis 

oe Beat 
SS 


cee 
Se 


SOS 
ENERO Bos 
oe 


DS 


oe 
ase 
nS 
on, 

vt a 


55 
Se 
seine tce 
z es ea xy 
=. Eee 2 Ss 


é 
eS 


ss 


S Seo 


BE 

5 iS ee, ss 
ES SS 
NS SS 
PASS Se j 
3 @, Se2 
me SORES 


LoONNS 


SCE. 


‘ 


yige 
xs SSS: 
“ 


ERTS 


G CARAS AP OD DISA 
OSSCONSS 
Sy . ‘ 


“4, y’ See 
Ree 53 5s 
és Be 

ERIS 
SSS 
SNES CCS 


ASS 


SUC 


> 
rey er 


: 


x 
NS 
3 
én 


BOs 


5 
See 
. 


aes 
eas 


Ns x SS ‘ 
Seer ees 


ee 


ze 
. 


o¢. aN 


ON 
. 


e 


Beate NN ee 


PN 


e now working on 4th generation channel 
e extensive integration know-how 


Data Channel 


Data Rate Challenge: 
Data Rate = (linear density) x (velocity) 
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Custom-Designed, CMOS-only 
ADC for PRML Channel 
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CMOS4S ADC 
200MHz sampling 
6-bit 
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Parallel Implementations 


e uP approaches have costs not acceptable to 
disk channel 
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e potential for very high data rate 


e reduced c 
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Advanced Symbol (Mult 


Extended PRML 


amplitude 


0.2 0.3 
frequency (1/T) 


e Better match to recording at higher densities than PRML 
e ~ 15% improvement in linear density 

e 4X more complexity than PRML 
e IBM invention reduces complexity to 2X 
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WHY IMPROVED PERFORMANCE WITH TCPR? 


PRML Error Event 


Amplitude 


Amplitude 


—Log Error Rate 


Trellis-Coded PRML 


PRML/TCPR Comparison 


White Gaussian Noise Injection Test 


Log Error Rate 


4 
Relative Noise Level (db) 


e similar complexity as EPRML 
e can improve linear density or track density 
e code rate is 8/10 (PRML: 8/9) 


Channel Technology 


e Combined data rate/power/cost 
challenge is substantial 

e Need both algorithm and circuit 
advances 

e IBM will continue to play a 
leading role in advancing this 
technology 


